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lEFtSt F a 7nACliR®A''J >274©ffi«(C75 /KBtt 

ife^^fSSSt: F a 7:::n5'>tt7-fe?;Untj 

ft: (nAChR) m^-f^V^^m-^, S^Skha 7n 
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1 . ^^mt h a T^^^yttr-fef^/V-n ]) VSSfis: (nAChR) f-;^^-y h 

2 . mm^t^^^ y :^274/!i^ h u:t:=- y-^om^-r^h 5 , 1 (cie^cd^^ 

y ^ ^ K„ 

4. ifa«». nt?L«» il^!lg«*3ilKt hx^iWSaitJ^'i 

5 . KjK y 5? i7 K;65?gi«rt-C^m$ Jt5 i. 5 IcKjK y 5? ^' u;t^ K 

6. K^Mt ha 7 nAChR;i5t ha5V274T nAChRt?fo5, W 



5 (Cfa®<^^m^^ ^ -o 
7 . fS*^ 5 S (4 6 (C|E«cD^a-<^' ^ -§r-^ Az-e^i 5 ^±*BR 

9. SF^Mt ha 7 nAChRjK y '<7''9' K<0/^ y >274©fi:e(cr 5 /M^Sr 

(nAChR) -f-f^-'y ho 
mtha7S*#:„ 

11. c^iri^Vttr-k^^Ur' y VSS**: (nAChR) fiftt^^v^oL U— -Va ^'-fS 

•fb-g-ife 1^ SI- s fc cd:^ iSfe-e fo o r . 

(a) t h a 7 nACHRjK D -i^^ K®^^ y V274©ftg(cr 5 7 SlS^^ 

^-rs^Mt h a 7 nAChRjKy K^^m-t-.5*fflsa<&Ji{iL.. 

(b) f^mit-^!^tmms&t^M-^L. 
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(c) (i) mmm a i ^mmm-fh'yL\m.-^-:f^^v v s:^m-r5*Hsaic« 



12. ummm\L'^m-^n%-f^f:.^ni5m^h^x. 

14. t h^Ma 7f-:/ri.= 5, hco;^g«(c5StR6<3(iW:/y ^^'XL^S. th 
feoT. ^^yp?i^w:^f-Kcoga?iW5ga?iJ#-^14:fctt^<^-|f|5^-g-^. ^TKy 



15. t h^Sa 7-y-:/:3.= .y h /}^ y ^ KIC K^HS jK y K 
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g(-gm^^i-5^^t ha 7f-:/3.::i5, hlCM-fSo *M5^tt*fc, K^^t 

= = ^>-ttT-fef^/W3y ^g^f*: (nAChR) icgll- 
5a 7-tf:/3.::i5, h;S:#g;-t5<, nAChRtt, r-fef^/>=> U >- (ACh) ioXXfi&<DV 

7'^K1^y^=y hitj^'iS. «-t)-7'^=--;/ h*^fjO»*ttKfl:iiM2 ( rTM-2j 



J; t) S^'iC 2 oroSSf^nAChRtt, a 4 ■^^:/rLn y h $r-&^-f 5 t feiOta 
71Hy'3.=i:y hilr^^-f ■5t>ro"Cfc.5(Sargent(1993)Annu. Rev. Neurosci. 16: 
403-443 ; Court t). (1995) Alzheimer Disease and Associated Disorders 9:6- 
14)„ a 4*5j;u:a 7f-^3.::::y h<0?;?^^Stt> #S5^©V^ < Oy6^(^^Si^ai 
^er-fnlti+t^JfeS, 0iJx.tf. a 41J-^^ns/ hC0?l?^^S(4. V><o;4^(DJg 
ScDTA/;4^A/tBI)SL-CV-'5 (Beckib (1994) Neurobiol. Disease 1 : 95-99 ; S 
teinleinb (1995) Nature Genetics 11:201-203) „ -i/c, a 7 ^-^Jfr-f .SnACh 
Rtt, W^'f)^MzM-^\.1iMi%-f^^'yV^ (Freedmane>. (1995) Biol. Psy 
ch. 38 : 22-33; Roll insb (1995) Schizophr. Res. 15: 183; Stevens ?5 (1995) Ps 
ychopharmacol. 119:163-170) , iMBatSS (Donnelly-Roberts fj (1996) Brain 
Res719:36-44;Akaikeib (1994) Brain Res. 644: 181-187;MartinP3 (1994) Drug 
Dev. Res. 31: 135-141 ;Quik5j (1994) Brain Res. 655:161-167) . tJiU^^fS 



?i?S©fi!cSte<k'WSS:ga (Chanf^. (1993) Neurosci. 56: 441-451 iPughCj. 
(1994) J. Neurosci. 14: 889-896; Freeman (1977) Nature 269:218-222; 

Broidefj. (1995) Neurosci. 67:83-94) icMSLTV^.S'eiigtt/iSfc?,. 

a 7-^-:f=^=^y h<OTM-2fiii5r-&tf;^7°7-r;^^m{*:^5^7i/^'nAJ^?PttiSBBa 
rt•e^^W$^^T^3l9 (Carcia-Guzmant (1995) Eur. J. Neurosci. 7:647-655) 
, t.it. jW^Zfv'-f'TyC:^ • ^U:^y7. (Caenorhabditis elegans) T*^ 

ffi^ffl< (Treinint (1995) Neuron 14:871-877) . ^#14, h D a 7 (Dy< 
y y251;4^?3 h U:t=>^cD?^^^S ( rc-a7V251Tj ) lC!BffilLfcTM-2^«rt 

W^^^S©? ■^(^ 1 o-e&6 (Bertrandfj (1995) Sam. Neurosci. 7:75-90) 

-7 h y a 7IP^S(rc-a7WTl)nAChRi:lt-<-C. c-a7V251T (a7-4it>|5;$ 

S:tt^^LTV>)t„ *Jt. c-a7V251T nAChRIi, ii^lt a 7 *5 iOt^tfeOlf^MnA 
ChR{C*Dtt.5nAChRT>^^=^;^ h-^^feSv^t Kn-)3-3iy hn-fC^V 



{ rDH^Ej ) {^MLT, ^n/45fcfc;*^'t,r=''-;^ hffeS/i^cDj; 5l-f£;ii:L.fc( 
Galzitj (1992) Nature 359: 500-505 ;Bertandb (1993) Proc. Natl. Acad. Sci 
. USA 90:6971-6975)„ ^iXh(Dm%t^h. ?L?r«JT*,i- 5TM-2^«(0«jiSrA 

9=--V>'^/l^S-^fi£L.9 Si:l'^5{5Ift/!i5#>i^nfc(Bertrandlb(1995), tflS ; Bertr 
and b (1992) Proc. Natl. Acad. Sci. USA 89: 1261-1265;Galzi fj (1995) Neurop 
harmacol. 34:563-582), 

-!7hya7 nAChR(4Ptii|LSo 7 nkOaSLtmm^m\zm&.LX\^^1ii. SA/<C 
^aS^5v^<o^^foS„ 'Six.lS., l, l-v'y^/l^-4-7a::^/Vt°'<7-::^-^'A ( TDMP 
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PJ ) I*. =7 MJ a 7 nAChRlC^o^^T^±#^iCil^^^fl55>7=f-;^ h'(^h^i)\ 
thai nAChRiCi3V^Tfi#^(::Wa/£T=^^;<. h-efe5(Pengt.(1994)Mol. Ph 
armacol. 45 : 546-554) , ::tl6tDti^;45&5 -!7 MJ a 7 nAChRlCiStt 



t>9 loro||^S?g^^::^3V^T. y y274;i5aJfe 
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ho i-ocommmmi^m^xit. ws^ttige, mmmm^±s mmmmta. 



H 1 tt. JKy 7< 7— ^aS^tS^fflV^Tt h a7V274T AChR5?^^SDNAS:#5 
il2A~2Cli, V274T§?^^M^^^1-St h a 7 cDNAcD^ ^ U':^^ KK?IJ (E 
j;UtKpnl(ri4Ti^755W-$ttTl/^5„ -ifc^ KcDNA^^ib^^tttJ Lfct ^a7V274T•t^ 

7'rL=j, is^^f^ojt^r5y®se?ij (ia?ij#-§-2) ^^.T^^tu-cv^s., v274Tefe^ 

laa-efi. r7!;;!7-y^;t/aiyw (Xenopus) ^miltel^-C^m^tLfct h a7V2 
74T nAChR (^aDIS-^-) ioit/t ha7if^^nAChR (fiStlE-^) l^dottSAC 
h (^fl^) . (^^) , GTS-21 {ISkfE.^) fcJ;t/ABT-089 (T[S) 

12 4(4, ACh(wJ;S?Stt{l;*3J:U5t: h a7V274T^t;^g:©!)^gji 
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* S: . fc h a 7WT AChRtD^^-g- 1 Jtg{ L T HS^-r 5 , 

[21514. nAChRrV^=f=;^ M^l^-fSfc h a7V274TcDJ?;ig:Sr|l^L. 1214^, M 
ECI4;<*$75>' (lOM) . MLAI4;><g"/HJ*=i:^5^>' (lOnM) . DH^Ettv^tK 
n-jS-il) ha^'vJi^(10M)^;^-r. 0-T =i'=;^ h^tMtt, ^'fe^'&W L/^CVn^ 
(bathing solution) -Cfc 19, ^ixSr20#FpgiSffl Lfco t>-ft^ti(i-rd=:.7. V 
l^mmmtfi. «-t ha7V274Tp«)a)!S-eaiJj£$tbfcfc*, y^-^^^tfeS^IC 

1216(4. r7 y (Xenopus laevis) F^-C^^Lfct ha7V274T<0 

. 10/iM ACh(;i*}-1-?)lS^wmM»«l£roM#^gl^LTioi9. Htf", %m-i.. C 

a=*^fe#tt - 2>:{£;^coffitt<l;S:*S If S fc » JClOmM Ba^*Sr-g^-r 5 fife^Barth^ jgf ( 
90iiiM NaCl, ImM KCl, 0. 66111M NaNOg, lOmM BaClz, 2. 4iiiM NaHCOg, 2.5mMtVl't' 
l^^-r V U AtJ imOmM Na-HEPES^^ -7 7 r- ft*^pH7. 55) I^T*S!13£$tl.fcj£; 
^Sr^L(Briggsib (1995) Neuropharmacol. 34:583-590iSr#flS^H:fcl/''). 
Jg|4, Galzit) (1992) Nature 359:500-505<©^#Sriii?;i-5fc*tcr h n t'V 
^^^■f 5 rOR2j^?ge(82. 5niM NaCl, 2.5iiiMKCl, 2. 5niMCaCl2, ImM MgClg, 0. 5M 
r h n f V, SmM Na-HEPES/^ 7 r - , S*^ 



pH7. 4) -QU'^ $ ixfc^S^ ilr^-To 

[1714, a7 nAChRil«6<]lJ:;tf>-K-Cfe5[^2^1]a-7'y;(/n hdf-v'V©, ^ 
h a7V274T-C h7>;^7ai^ h $tvfcHEK-293^' ^-:ylc5^j-r54$M6<3^•a• 
S•[aS^■f-So 

S^S^rffl^^S. ^:Cj;p/^S«(4. 5:Kct5(c+^J-(r|ftB^$n-CV>5. t«J^ff. Sa 
mbrook, Fritsch &; Maniatis, Molecular Cloning:A Laboratory Manual, 
KS(1989) ;DNA Cloning, Vols. I i3<};mi (D. N. Gloverlil985) ;Perbal, B. , A 
Practical Guide to Molecular Cloning(1984) ;the series. Methods In Enzymo 
logy(S. Colowickd3<tt/N. KaplanS, Academic Press, Inc. ) -.Transcription a 
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nd Translation(Haiiies?j^l984) ;Gene Transfer Vectors For Mammalian Cells( 
J. H. Miller fjiJi (1987) Cold Spring Harbor Laboratory, Cold Spring Harbor 
, N. Y. ); Scopes, Protein Purif ication:Principles and Practiced? 2 Spr 
inger-Verlag) ;:fcit/PCR:A Practical Approach (McPher son 



(1991) IRL Press) Sr#ffi^nfcV^ 

A. 

TAChRj /£5fS(4. #SeigifeKTir^yi^^ y y ( FAChj ) 
TnAChRj /iS^ll, =-='^yiiT±'^;l^=' ]) y^^^^M^ 



rnAChRf-:/3.= 2/ hj /£5ISf4, nAChR<DJg^K{C*5V>r. m.(Dm^^ t-^W-L 
0^'?>y<^K'!^^'?-^M^-t^o m^\-£. ffinAChRd. 4o(OM®lK»iif-y^ 
=^-y hA^h^£6S.mW (2o(ia if-^'a.^.;/ lofijS i-y-T'^.^.-;/ lo 
{4 6f-:/3.= y ^LTlO(4nAChRO?|^ffi(CjCCTv*fc«£f-:/^=-;/ h 
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c ^&C0i:r5. 8<@CD=3.-n>'af-y^rJ-=s/ h (o2-a9) *5iU53fiO-a. 
Xenopus) ^pe«rt*5iU? h 7 h-fbnffLS^ffl 



rsF^^j ( rwTj tm^^ni>) ti^mti. ^mc^&-r:bMmmfm'^(D 

Xit&h-Wt&O^imm^M'^i-^o *^?'3ffflV>5t V^±ma 7nAChR(4, Dou 
cette-Staniiiife.(1993)DrugDev. Res. 30:252-256{'|Sife§^XtrV''5o J^ffi ro7Xn 

nnoj (oi&fi(i, m^m.mmci^LXnnnm^&M.-r^r ymxr^r ^ /mo-c 

m^^Mza 7-^)-y='-=.~y y^M^-r^. X^t^t^-oX. =17 HJ a7V251T nAChR 
o 7nAChRS:jic*f5„ 
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(omwm.'^m. m^\-£^v ='i^Mt. r±=f-Mt. vymtf£if^tn„ 



XU/t.tzitA#^SS-!^^ (stearic bulk) &#ii^-r5g^> 01Jx.ii, Gly/Ala 
, Val/Ile/Leu. Asp/Glu, Lys/Arg, Asn/Gln, Thr/Ser*3 J;U!Phe/Trp/Tyr^-g-fe 
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5? u^f- K(DE?|J) lc:3-K$tT,Sii*S"5ri6;ir 



r3-Kga?ijj ii. mRNA{cte^$*x&t;!/3if4!i^y-<yg=-KiiaiR^H5d^y 

3'*S©?ffl|Rf?±3 K^tiCiOSfeibtLSo 3-KSa?iJlC{4, mRNA. cDNAfci 
t^iSa^^^ y 5? ^ ^'5^^ KE^U 5 r t ^Jprtg-C-fc 5 /js. r C: 



|!IS$tt5fc<^-C{*7SV\ ^Sft:*;t(lSf£ltf(4, ^-KE^iJcD-lfBO:):^. iB 

m&^m%) (i, a*#iCj;<^f3tlTV^5o ^Jx«, SambrookPj, mm ; DNA 
Cloning, Vols. I *Jj;U!II, gflSr ; Nucleic Acid Hybridization, fltjft&^M 
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rh 7^:^71 ^i^gyj f£5fS(i. 1gi«F^ic;(1^Htt^y5?^U3f-g^KSr 



<i:>b952fi%. gt,*f*L<li'>/<c< tt>98Sl:%*s> ^Ei^itfcTKy 5^ ^' u 
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A 








N 




D 




c 




Q 




E 




G 




H 




I 


nxf 


L 




K 




M 


y 3: ^/WT y ^"y 


F 


7°P y :^ 


P 


±^jy 


S 




T 


V')-fYyry 


W 




Y 


y<Vy 


V 


B. 









t ho 7^^nAChRf4, «3gW(-giji LfcffironAChRIC^f UriSflJl L.fc1*tt*3 i 
Uti^micm?'i5#tt(Dil;^^^^1-<, 01J^(f, =!7 h y a7V251T^a#:<D#^i: 
[^lilC, fc ha7V274m, t hff^Ma 7 nAChRlJ?^ t tt-<T, = y l^^Wi'&.T 
=i=-:^ V<DWM.\:i^h.Xm<i^-^-r^o *fc, t ha7V274T(i, l?^MtJt'<r 

t ha7V274m, v'tKn-jS-cty hn^i^y (DH/3E) Cli?), ^<fi&tt{l; 
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$^t^m^mtmm^m\cm£^ (msfc-imiaiziib. (1992)) « ::::3.-py 



:tym^hm^ :t'^it-^m^-f-i> (Nature 359: 500-505) „ d-^^d? 

K a7V274T©!t;^/<cr::i'-;^ (Bertrand^. (1992) Unconventionalphar 

macology of a neuronal nicotinic receptor mutated in the channel domain 
. Proc. Natl. Acad. Sci. (U.S.A.) 89:1261-1265) „ tha7g^ff^^f^ 

3llV^(^fp]^S^f^4^Sr^•f=!7 hytJit/t \~(DWi1J<Oa Tff^MnAChR (Galzi b 
(1992), MS^SiVBriggsP) (1995) Neuropharmacol. 34:583-590) i (4^7^ 
, =y h y a7V251T nAChR(4rt[^tS?SiEt4S:^$^<CV^ (Galzib. (1992)) „ t 
ha7V274T nAChRtt. ^!7hya7V251T nAChRt (i^/i D . ^^m^i^i^tWim 

\zomm±-(^mm-r^ me) „ 

t h^^f|:a TnAChRf-:/^.;^.;/ h;|r3-K-r5DNA{4, y/A*fc(4cDNA (-& 

^stcj;?). *ifcmKo/!i>wa^tcDm-g-ti-ic<j;i9Pia$*ifct,o) icsj^-rsfc 

t h^mft:a 7nAChR-!?-:/3.r^j/ h^^^$-li-5fc*iC, fo^,V^ 



(4RNA(7)IiSiWfci?)roi^Mi: LT. I^DNASr^ffi1-5 r t *5-et 5 (Sambrookf), 
MS) o 

@TMODNA^#2)fc*©loro:^ffi{i, Doucette-Staiiiiiiib(1993), flSlCfElfe 
(Dtiof). tha7 nAChRf-/ri- 1> ^ 3 - K-fScDNASTmPll-r 5 ' i 

5r^tfo o^^:e. r©J;5ICLr#fc»^McDNASr. y p< y-ifS^SfS ( r 

pcRj ) mxr^i^^m^yA ■^-m.m^m^xi^mLmmi^r . t 

TnAChRlhy'a.^j/ h^a-K-fSDNASr^fS^ ^i^PtKii. PCRTil. ff^MD 
NA5>-?-i^«eifM<osa^(lcog5t*«i-7yg^i-6ev^:*-y =^5< ^ U:*-^ K7°9-r-7 
-{-mat. 10~20^i? U;d-f-K5:)^ffiffl-r5o ^7'7'1'-7-MWE?iJli, 
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t/S^r-tS (Zoler?3 (1983) Meth. Enzymol. 100:468) , ^y-f-^—WMit, 
y':t^iy^i'U:tf KHy ym^fcnp^i'U:^^ KS{afr©#?tT-eDNAjJ< y 

-Tif-i/g y^^ifd^-To -ewi^^iPCR&tt. {«Jx.«, 7RS1#fFm 965, 188-^ 

, B4, 800, 159-§-v ^4,683,202-^. ff4, 683, 195-§- (^tLh<D±i^^^m{CX'0 

%mtLX. jgS'iDNA7'I'y'7y-/4^ibif4MDNA^#5Ci/iS-C#5„ DNA 
y-^" y — (4, Grunsteinb (1975)Proc. 



Natl. Acad. Sci. USA 73:3961(;i|E«0;^fe(C J; T^n— :/-t- 5 t ;iiS-eg: 5, 
ho I oOSiJjfet LT. t hRNA^^e)ttl^-r2>RT-PCR (j^fc^^y p( y— ^jg 

. ^WWi^ejSte^ffif^it). mmtLr<Dt hRNA ()^1.5g) >6^p5-2^«cDNA^ . 
^f&i-^o 0^^-e^cDNAS:2o^D-^r^^>^^C*3V^rii^iL. PCR*3iU:2*)-<D 
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-g-fife;a-y ='5^:i' W^^Kli. ■esj;t(iWarner (1984) DNA3:401(C|S^(D gib;*- U 



■&tf)(i. Zoller (1982) Nucleic Acids Res. 10:6487(Ci2^(O|f|5{Sr#^6<]^^ 
ii6-g-fig>^n-:/(r/N^yy y^X$-Br5c ^ y ^-f-if-v-g VIC J; t) l^^^c 
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^>i?-e<ii*p(^:^&s^fflv^5, -mat. mmm^A^-^m^iummmommm^ 

±mm (E. coli) DNAJK!Jp(7— tf 1 ^?i-g-t)=f'lC#ft-t-.5 
j@^^<f7=^:t^i/5?i'U;^g"KHy:/S? (dNTP) (TS^ffiT-C^ffl LT, #^5SSro 

^^W>i-Sr¥jt*Wb-r5it;45-ct:5„ sfc, si5?^ i^r— if-ewAQiSfcio 
T4 DNAU ;tf-if*Dj;mTP^ffifflLT^TO''<c/-<-;/7r-*5i;U' 



K^, iifi-fi, Clewell?3 (1972) J. Bacteriol. 110:667^::*^V^r®^$^^ 
T V > 5 eiT(^ ^' n 7 A 7 a: =. 3 -/kit^gjc J; 5 a I, ^^®^■t- 

\Ct:'0 6^VT-t?>. Ba?lJ*^l4. i; < *P lb ixrv^S Sanger e> (1977) Proc. Natl. 
Acad. Sci. USA 74:5463©i^7':t*v'& ($ fclilMessingfj (1981) Nucleic Aci 
d Res. 9:309{::fB«§iXTV^5) tClJ;?), SfcliMaxami (1980) Meth. Enzymo 

1. 65:499ic®&$tirv^5::&j£lcJ;t9ff''cC5ri;J5-e#5„ GCtcStr^^-C^ 

'!ir^&foix5^<>-KEffi(band compression)<DB5J@(4. i^^lt, Barrt, (1986) 
Biotechniques 4:428(c:t3V>T^^$tl--CV>5:^)fe(Ct^V^T-rTy^T/ 
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5„ Wx.!f, m^itl^^Oti-fy^-X^n. ±mM (Escherichia coli) 

KpBR322, isxxm±mmm-^~^-^n^-r^mn^mmc^^i-^m 



Chang Pj (1977) Nature 198:1056) , 7° h 7 r >>^-^n (Goeddel ?5 (1 
980) Nucleic Acid Res 8:4057ic:t5V^-Cffi'& StvTV^.S) , *5 J;0! A. S3l5P17'n 
^~^-*5j;0:Njte^^!J/-Ky-A^-g-|a5^55: (Shimatake 5) (1981) Nature 292:1 
28) , ^<Cibmctrp*5j;mac UV57°n^~^?-<OSa?lJ(CSjfei-S/^1'7'!J J/ FTa 
c^n*— ^- (DeBoerPj (1983) Proc Natl. Acad. Sci. USA292:128) 

@fMl^<t?)^ ^^i^^^ (Bacillus) t** fcfiv' j^— K^t"^ (Pseudomo 
T'^<;^h!);^ (Pichiapastoris) > P 5 "fe;^ • ir Wt'->i (Saccharomy 
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ces cerevisiae) ioXXf^::^ • (S. carlsbergensis) 



mmm-^it-<l?^~ii. (Broachib (1983) Meth. 

Ellzymol. 101:307) , CENSiARSl t ©0-^-*. SfcdSU^W^Cl-f Sfc*© 

Hessfj (1968) J. Adv. Enzyme Reg. 7:149. Holland & (1978) Biochemi 
stry 17: 4900*3 iOtHitzeman (1980) J. Biol. Chem. 255: 2072^ ^m^ixtz\>^ 

th'u^-r—^ (GAPDH) 7°n^-:?--Sfc(iT>'V3-/Pxt Kny-^--- If (ADH 
) ^ffi'siteT'n^-^?-, lal^iCGAPDmcSjSf 5^-5^-^-, *3j;tf!5>® 



erican Type Culture Collection^iifro^ffi^lB^^PjA^Biag-e&So Cixe>i- 
ti. HeLaiBSa. t h&A^ (HEK) ^BBS, f^^^ ^-^PM (CHO) m 

Sa. fLil/^A;^^'-^ (BHK) ii«S/iif;65-^*H5;6S. inb\cmi-^^n^h<D 

, &\x.\-ii^i7y^4ji^:^40 (SV40) . 7 (Rsv) , rf/'y 

-f/w;^ (ADV) . i?iy/^t°n— vij^^/w;^ (BPV) , h p< 'j7^/v;:^ (CMV 
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[^-•Offlji^ ^ftSE-r S E?IJ ^^tf w i: Jjs "Ttg-e fo 5 „ nAChRffl wnilLS^a* 
<0 — ■^J(±, GopalakrishnanPj (1995) Stable expression and 

pharmacological properties of the human a 7 nicotinicacetylchol 
ine receptor. Eur. J. Pharmacol. -Mol. Parmacol. 290:237-246(;:fHife$H 

%<D'MM%%,<k^'Qh^ . (Briggsib (1995) Neuropharmacol. 34 

:583-590ir|E*gro;^ife^fflV>5) ^ IiA^fflJja (Summers^ it/Smith, Texas Agri 
cultural Experiment Station Bulletin No. 1555(1987) t::E^©:J^ffi&fflV''S 

n — >itl&B^(D^^^m.Wl-t 5 ^7 /W;^ 7° P ^ - ^ - ^ffl V ^ 5 (0' Rei 1 ly 5> (1 
992), Baculovirus Expression VectorsiA. Laboratory Manual, IRL/Oxford 
University Press) o 
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f^S^frf-y^^^y h^^ffli-5ri:;05-C#5 m^it. Winzor^. (1995) Quan 
titative Characterization of Ligand Binding, Wiley-Liss, Inc., ^fY^#fiP, 

y^-. l^i^^yi^u-<i-y^yy^-f£if<D-'Jijml3m\a.'0. ^^nAChR^Ky-^ 



tLT, ni&mt^^ u -7 \-i^yy^- (HPLC) SrfflV^5 ^ t /JS-et 5„ 

@ffi'<:/^K-a-fifea»JcBIUTI4. J. M. StewartJoiO^J. D. Young, So 
lid Phase Peptide Synthesis, W2fS., Pierce Chemical Co., Rockford, IL(1 
98A)f£(bWZG. Barany^JiOtR.B. Merrifield, The Peptldes-.Analysis, Synth 
esis. Biology, E. GrossSo J:tFJ. Meienhofer®, Vol. 2, Academic Press, Ne 
w York, (1980). pp. 3-2545:, *A6<]7ir^1i-g-^lcM LTIi, M. Bodansky, Pr 
inciples of Peptide Synthesis, Springer-Verlag, Berlin (1984) 7*£f>U'(CE 
. Grossio <t O^J. Melenhoferi^, The Peptides:Analysis, Synthesis, Biology 
, fltlSi, Vol. l$r#fi?,$ixfcv\ 

lO©»*LV^^|::*3V''rtt, 0fM©^Mfc haTnAChRf-:/ 



^=2/ K-t-SDNA*:fc(l^tLi::S3fei-5RNA?r, U *:y^ 

(Xenopus laevis) 9mM^f£l^(Dm^\^-^<DW.m&Ai^i:<0^m^'ti:. ti^ 
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•etSo ro*•ffi§rfflV^-r, KDNA*fc(4KiiiRNAl::=t-K$ttSt ha 7nAChRf- 
■/^:^yhm^i^nmm'k&T<DtioiO\cWm-r^^ti)^X'^^ COascal (1987 
) CRC Crit. Rev. Biochem. 22:317-387Sr#Ra$^^fc^^) „ ^^^i: — h'-t ^ 

^a^nfc^St ha 7nAChR(0^t6tt, iWSaP^SJEE®: (intracellular 
voltage recording) . 2m^£lffi@Sfe. J/ 9^^' 9 V-yS^'^ ifW^^ Ofl;^ 



y-ri>i/-t-S:t*(c, ^m$tvfcg^<*:Srffiffl-rsr i;45-eg:5o nAChR 
ha 7nAChRjKy KW-'-'y >'2740^ttl-T5 
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yS?H«^«r^-r?)aMfc haT^a^^^ttr-fe'J^/P^y (nAChR) sKU 

mnmnMXMimm) ^m.^-r^mt}. ^Ttii^ix;*^^^ ^f^attr^^.;^ h 

^ttiJrff 9 (Adams ^ (1989) Degenerative Disease of the Nervous System, P 
rinciples of Neurology, McGraw-Hill, NY, pp. 921-967) „ ^ixtjCi-^jii© 



iB^iJ^SKtt^^l-S^^-^-^^KrtcO^^^^^/i^ i^Av'-3iU;^>-;^ (C. elega 
ns) iv:*3it?)^J}att»S^ttl:i||jlLTV^.5 (Canessa?^ (1993) Nature, 361:4 
67-470;Callessab (1994) Nature, 367: 463-467 ;Linguegliab (1993) FEBS L 
ett318:95-99;ioJ:mfoilleyib (1994) Proc. Natl. Acad. Sci. USA 91:247-25 
1) „ deg-3;?>^N°^®tpCDV^t5i^5 V . • 7t>^~>3 (gain-of- 

function) J m^'^m^. /h$7ili^(D-3.-ny<7)Sgatt^ttSr?l§:gr-r ( 
TreininFj(1995), mm » rroS?^igm(DW^i4rixe,cOt^f=t(C»LT. =au 

iSty-T-f Vi/ (sensory gating) . » 64:^*3 J; U^WSPI* 

tt^Jt (^Jx-fi. «^lsttWiB^«*5J;t;!3}-fe:tM 

gi52^5 (oseoarthritis) (CMigLfc^JS) ti}£(Dm-m(Dmm\^^mt£it^m-^:^ 
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^Sa TnAChRcDftttfttt, ^iSSfSS^tt {^J^(i. iffflSa^^COM'>, Donnelly- 
Roberts (1996) In bitro neuroprotectiveproperties of the novel c 
holinergic Channel activator (ChCA) , ABT-418. Brain Res. 719:36-44?r 

a TnAChRSr^ffl-rSr i:;6S-C?t5„ ^tllt. fflP^^ffi^v:*5V^TcD^e#-r2)» 
V^T®Jjit^e^-rS;0^f>Tfo5 (Bertrandfc iUtChangeux (1995) 



Nicotinic receptor:An allosteric protein specialized for intercellular c 
oramunication. Sem Neurosci. 7:75-90) „ Lltt^'oX^ t h^^nAChRf-/:^=^ 

-§Cl.tzU-<Mc-iX2mmt-r^o IP^feMa 7nAChRf-^r^-j/ 

yhit. s^f*:nAChRf-:/^=^2/ ^^c*3^^T^i. "ttitm^r^^mxBmLo?) 

(Dmt(Dm%:. t ha7V274T nAChRICgi LTH 3 (C^f. 

L-fc;J5oT, a 7nAChRy:</i^K©^a^6<3ttK(4. t h^^nAChR-t>-:/^= y 
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^^Wit:^l^it-ri>mtji-i. ^^a7nAChR m^tt^ tha7V274T) (C*3lt5 



y K©^;'j*3 J; U^^te Sr a 7 nAChRlcjo ct -5 ^: J; U^^te t it 
5 r t ic J; 19 fFffi-r S t i^'^m-Ch^ 5 . ft-a-'fe t nAChR t cD^BSf^ffl (i 

*(Da 7nAChR^a^ (^Jx.li, ^^^W h 7 7 a: h-fM^igifHiaSfcli 
aA^tifcil;i?li^«S) &fflV^-Clll^■^-Siir;4S•et•5„ a 7nAChR<D^a^6^ 

nAChRf-:/^^^ 5/ hojMf^^^SrSJtft-rs y;^^:/ K (gB^^T=i'^:^ 

I^lii-, IBii, iStt^ iSty-T^f ^/^^ (ift#?S*3j:U!!|t#5^S?S 

5r i:dS«rtB-Cfc5 5o 



7nAChRf-7'^=2/ h ©fiftt'fk^5*fflS&{%«6<JT?foS t 5 SESatt. a 7nAChR•^^:?' 
li, Donnelly-Roberts^, flflS^#M$n/tt^) „ ^(D^ *=^XAi±^B^:fc';a5^ 
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. elegans) t iJ^e P, < I^^OMJE^r^l^gr L 5 5 



^^{Eii-rsy ;y>-KSrl^^-f Sri^-srffifcL, *fc, ^^tt^ nAChROri^- 
*7<-~>g>-^y;<fv Kofe'§-tttilBa«ICnAChRf^^y;^i/v«JiSSr^f^-r5:rc 

^SnAChRi:fflSf^ffl-rSttia«S14*fctt«««tt{t;-^ifei4. o^^© 

AChRjK y -^T'f" K©/^ y y274CO{4g{cr $ y ^gg^^^f e h a 7 nAChR 

»TOilS.mx.BflL!gilSa^ (^J;t«, -Y y^n i> h v- K ( riPTGj 



Sa*. ite)Sa^$ttf^ffliSr**^*fcllS«-r5 a 7nAChRyn s/;ft- m^ii. p< 
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*fflM«14^1:^#ili. ^:*T./45«5ES:ffiitL5 5ri:(cJ;«9l^^-t-5 
\^i:'0m^^ti6) hL<ny^ V-^y't h'ny-r-^ (LDH) /<cifro«K 



AChRi 9 * L < tSfei-rStB;'^!-^ LT . fcS VMilf ^MnAChRt Jt'<T^SnAChR 

hSr^m-fSnAChR mkm<Dir^) ^y^-^ uir^ K7°n 
-T'^taitH-S^iSlJtc, ^DNA*7ttt^ix(cft j^-rSRNASrffiffl-rs ^ t *5-cg: 5 

^•rSo T'n-yO/Ky^?^^ U-^tf^ K^«tt> DNA*3j;Ot/*yc:(iRNA*3<tOt/* 
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S«4rfflv^-Cffl-Sr i:;45-Ct5o -T^iioh. ^'>)-y^=-y \•t.tz\m)^^mm.ir 



:^{tr-fe^/u-= y y ( rAChj ) , =>7yi— ^iam. mitd-yr^i^y v y ( 

TdTCj ) . y>'^?T^'v'y*3j;tJ?JgSf7<*$75 V(fMECj)(i. Sigma Chemical 
Company (St. Louis, Missouri, V.S. A.)t^bA^Ltz^ :ft{l:*^^i^t 
-:n!J;^n-r-:^V ( TdHBEJ ) *3 J;r>'^' a^V^^ ^/l- y * =i:^g^> ( fMLAj ) i± 
, Research Biochemicals International (Natick, Massachusetts, U.S.A.) 

; Finquel) (i. Argent Chemical Laboratories (Fisheries Chemical Division 
, Redmond, Washington, U.S.A.) /5^ibA#^Lfc„ 
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t: h g 7 g^acDNAO^Si 

Elliott?5 (1993) Soc. Neurosci. Abstr. 19:69-C^^$tlTV^5^:^;*i t h 
-y^-Y)^^-^^^ (MRCSPGGVWLALAASLLHVALQGEF (E^J#-^3) ) ?r-^tfi5> Do 
ucette-StammPj (1993), fifiS 



■C^^$ixTV^.5t ha 7 nAChRif l>cDNA<Jr<^fp tfc« tAT<^:t !) =^5? 

^ - KST'^fiS Lfc : 5' -GGGGGCAGCACTCGAGCCCATGAGGTGTAGCCCCGGAGGAGTGTGGC 
TGGCACTGGCAGC ATC T CTCaGCACGTGTCCCTGCAAGGCGAGTTCCAGAGGAAGCTTTACAAGCAGGCG 
-3' (Ba?iJ»-^4) „ rO;ty =f^^ l/;tf^K(l. XhoIfflPSigC^i (-f ^ y j/ i!' fls) 
fc-<tt>*ATGM*6=> K;/ {X-¥) 'Se>tJ(--^:nfCieE<28= K^'we ha 7nAChR■t^:/ 

o l^C\m-f^~y hcDNArtiC#^E-rSHind IllgPtt (T^gC) ^-C^g-fS 

o xhoisoimiindiiiafsii. iiipfitip^^ u^^h'icpgtrjot), ^©fcft<e 

HindIIir-t^ftL< 0^^r^ ^fcXhoIdoimiindllir-Jifb^iLfct ha71J-:?'j. 

hcDNA^#-r5pBluescript'<^'i?-[^|CjI^Lyh„ ittlCiiJ, ^^gt 
h a 7nAChR-thy3.= 2/ hSr='- h'-fSfffc'icDNA^^fco ■ttOfffc/.ecDNAOia 
^Jii. v'7^:t=^v'->— ^^yi/y^iCt •Jflt^Lfdo BXcDNA^XhoIt3j;U!NotI-e 



— tf-CSfc, BstXIT^J^y^ — ir^-^^-^. BstXIfJg^kL, pRcCMV'<i!'^- (In 
vitrogen) OBstXlS^ai^fCig^ LfCo ^m'<^' ^-F>9<0'f ^1)— htOlEfSlfi, 
a 7nAChRf-7'^-s/ hcDNASr^>i!t»fiitt-e§)if1-5^^r'CO®JPI5>tffl- i !?* 

y ;<;yp':y3^/W(Xenopus laevis)g|3a»l^t?<Pa 7nAChRCD%mfe' J:U'a 

r7y*5'y:^3i;U (Xenopus laevis) ^PS^BSaoHS!}, g^(^RNAS fcllDNA 
(OaA, *;J;t;2IHllE@^iCj;5a 7nAChRiS^roSiJS(i, 7hnt°yd5?S 



tlTV>5:^ffi(Brlggsf>(1995), Btr^Xct^ofc. ^PSr^sfflljatt^ lOOg/miy:/^-^ 
-l'->:^Sr-&^i-5iii^C>Barth^fg (90mM NaCl, ImM KCl, 0. 66niM NaNOg, 0. 74ni 
M CaCla, 0. 82niM MgCla, 2. 4niM NaHCOg, 2. SmMtVUfV^-f h U A*3 ir/lOmM 
Na N-(2-t Ka:3f->3:g=-yi^) f ^7 v'y-N' -(2-31^5' y;^yVz}^yg?) ( FHEPESj 
)^^i/7T-, ft«lpH7.55) tf", 17~18t:|:i*t}$Lfc„ m^li, lOmM BaCla^r-^ 
WLCaCl2*5j;migCl2^^<eJ:^Barth^?Sttj^ -60mVCO{¥:i$mffiT?SiJS Lifco t 



Mmm^^it^-it. -Sfc, -!7 M) a 7nAChR^W^i-5fc*(CGalziib(1992), 
fI^T-fflV-'ib*XTV''5^#^ii^-r5fcJ6l::. 0R2*5j;U!7 h n (82. SniM Na 
CI, 2.5mMKCl, 2. SmMCaClz, ImM MgClz, 5mM Na-HEPES(pH7. 4)*3 iW. 5M6!ti? 
Tbnfi^) Sr^gfflLfCc 3>fc°3.-^-$iJ»$tifcfl;K#t^PSiMSad^e)20 
0~400mUJtf*9lC:gEe$ixfc7'-;/v'3./7'/I^- 'Jr-^-t &ffl^^T, r::^;^ 

t h a 7V274T©J^;^(i. t: h a 7WTrof£;:;§: t , Hi^f (C^tSl-iiJll-r 

5ffllp)icfoofco L.fc;i5or, ^^WMtr^^ ID i:PS:|Pi8ai::*3it'5iOM ACh<73 



fc h g 7V274T cDNACO^g 
5l^-<^'^-rt-C^^a7V274T^^fie$-^Sfc*(C, If^Sa TnAChRiJ-:/^. 
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^t^ff^^a 7cDNAP^^;l•i^:/^^-=i/^L/c<, M 1 1@ (A) 3tM»§? 

3') rtfC, MV^:^C0K>t-Ttt7;j-t7-K7"7-r-^- (Y-5' ) [^(C^ii**fc» ft 
)ii^PCRMi^;iSEcoRV*3<tmpnI»JISgi5ffiSr-&^-r5 i 5 ^rJlPjO 2oro^g|57' 
(X-5'*3j;m-3') ^SS^Lfc. 
fiV^:^CD5' Kfitfi. !7— Vf^%-fy'<-7—^' -GTTTGGGTCCTGGTCTTACG-3' ( 

ea3^ij#-^5) tmm^^^m^'^n-r^ v /^-^rtasT/y-r -^-s' -gcagcatgaaggtg 

GTAAGAGAG-3' (Ba?IJ#-^6) t ?r^ffi Lr^t)S^*fc» MV^*-®3' »>Vi±. ISHi 



l-^^^^MSr{S:i$1-S7;t!7- Krtg|57°7^-^— 5 • -CTCTaXACCACCTTCATGCT 
GC-3' (ia?IJ#-^7) i: !J/-<-X:J1-|fl57*7'l'-7-5'-GTACTGCAGCACGATCACCG-3' (BB 
?lJ#-§-8) i:?r^ffiLTi^S$-&fc„ PCR©^j4=^i^ lOOngCOSAa 7DNA. 2XPfu 
^<^yyr—. 100ngro^7°7-r-7-*ffciU«0.625U©Pfu^^ (Stratagene, La J 
olla, CA) i(9/iS^j©-X?feofc„ SlJ^li. Perkin-ElmergeOOtf", 95t-e24#|ll1 
. 60'C-f22^i>ffi. o^^f72t^?78#fffl©20•^^^^7^t?^T''■eofc„ 
»2PCRXe (B) -Cfi. ^^S|57°7-<-7-^ffifflU-C. ;iHe>0 2ocD®f>i-§r 

iSfelS (C) -eti. Xm (B) ©Siil^KpnlioiOtEcoRVr-JB^bL. ■y/VltKL 
, ^feKpnlfciU^coRV-Ct^fli^^Xfclff^Mt b a TcDNArtidJlJSL-fCo fti^cDN 
AC0i?x:i-^v'iy-i?:3iyv'yi/(±, BlfMO^^^McD#l£^^L, 4fc, ^PCR 

IE12A~2C(4. t ha7V274T cDNA^^^M#:(05?^'U':^^Kia?lJ (ia^lJ#-§-l) 
Sr^-r„ t ba7V274TSM^<DTSy^ga?iJ (Ba?iJ#^2) t,, I12A~2C(C^$ 
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mmm2 

fcha7V274Tj6J:i;?g^anAChRICfe(t5T=^:^;^KcB§-t-'5;ig-JS^BIffi 

BtllBtDi*3l3T7!J;&^>p(;y3i/> (Xenopus laevis) 9mmj&fH\cmALfzm 
MmiX^m^LtzWkti^h^^Ltz\i ha7V274T nAChRiJ-y^-::^ hSrffifflLT 

lOmChKM-r ^It^mcMl^riEmitLfc. x-^-^C (iI3) (4. iES{l:J^;ii: 
(AChT-|in=4~10, (-)-= = f^>X'f4n=3~4. GTS-21T-(in=3~5. ABT-089T-f4n 
=2~5) (7)Spi^±s.e.ra. Sr^^-fo El 3 {d^i-ffiUtt, a 7i9^M(-*Jlt.5GTS-21 
t3<tt5ABT-089(::*f1- -S/h^/ifS^^r^V^-C^V*-^ (ShigmaplotV 7 ht^^^T 
, Jandel Scientific, San Rafael, California, U.S.A.) (:ifoT(4ftfct/W^ 
^^i-„ fc h o 7^^MnAChRlCdol^r, ACh*3<};U!(-)--39"V(4, <etl-€'m5 
6± 20 *x M*5 J; 0^83 ± 10 /t McDECgotS, jo i X^itl^tlO. 94 ± 0. 09*5 <t 0^1. 2 ±0. 2 
©l:/^#^^^rLrv^fco GTS-21*5it)«ABT-089il. l&^m%-r€XWil&-(^% f£ 
V^ECsoffi5rWi-Sgi55>T=f=;^ h-efcofc„ fc ha7V274T n\ChR\CiS» ^^tliS 



t ha7V274T nAChR(;lt3^^-C»^, ACh*3 J;Ot{-)-= = ^i^(424ff3fi;'3-efe "9 , -tH 
^*tll. 02±0.04mM*3<};U!0.94±0. 12/tM<75EC5oft, ii.tO'^Hmi. 8±0. 2*3 i 
m.3±0.2©t/^##:$r^Lrv^fc„ ^ibfC^LV^r tim, GTS-21(1, t ha7 
ff^anAChRlCtSltS^COilV^gBi^r::^::^;^ h^*tll^<^TO(C, fc ha7V2 
74T nAChRli*3V^T(4^±T=^=;^ b-Cfc"?. 4. 3±0. 3MMCDEC5offi, *3j;m.5 
±0. lWt/W#,i:^^-LTI/^fco *fc, ABT-089ti, fc h aV274T nAChRClfeV^T 
, J;'9 5ii;^/(i^o;^^-efotp, 28±3^M©ECgo'IB, ioJ;Ut2.3±0.4<Dt/P^^Sr^ 
LTV^yb^s, ^rH{4. 40±l%<^^!)^^^-t5a5>T=i'=;^ hT-feo;t„ fc HnACh 
Rf-:/^::^.;/ h -e<7) ^ tUb = !7 h U a7V251T(:i*JV^-Cj4=-P' h V a 7 
if^MnAChRtlt-<TAChCO180{fWitiP;6S^»?5ix5it (Galzi (1992), MS 
) iffiMLTV^So L^^LJ'^iiJib, Cti-lt, (-)-==^5"^03a;^fcSfc^{tf 5 



m^Mt ha7WT nAChRjritgSLfcfc: h a 7V274TOfttt{bfe J: t/^^ita 
AChCOECgo^Sffi (.^tV^tlllittioXU20QnU) (r^d-fS t h a7V274T*D iO^t 

i3-m^(D'<-;^y4'^^WmmcmLXmjEl.X7j<^jtlX\^^^ (114) „ ACh«. 
t h a7V274T(C(110W^ t h a7WTtcm. S^BBilffl Lfc„ t h a7irr© h U~ 

:^(DV]>^t^t>>)Hi5:nmf^m(D7.y<4 ^^(Df-y^ (tics) tt, T=r-;=^ 

t h a 7V274TOjS^(4, fc h a7WT(7)fJ:;«:ttt-<Tii<Stt|b$*X«SUfc, 
l^lti-, SflXLfc^y ^ynAChR^4, ACh(Cf£;^LT, <t I9 il< fif tt-fb $ L 
± (Galzi?5(1992), StJ^) „ 

14 



b h a7V274T nAChRlCfeit^T d"::!;^ hSttdMI'-SnAChRT^'^ =^-^ htOff 
v?t Kn-/3-Jiy ;^n-ri^:/ (DH^E) . d-y:f^^7^Jy. ^dr1^-^ h-^^A 



UTjiffl$tl.fc*a-|;i, -7MJa7TM-2 nAChR^^WcitJCtSft^^^rffittft: 
-t2>r t/iSiHJBJL-rv^S (Bertrandib(1992),Bfl^) , Ztlft, S^—^^y^jU 
Bmi>^h<Df-'? tm^. (a) ^MnAChR;65S^f*mf^4^ffiiCfcl/^Te^-r5 
:zt. aXXJf (b) l?^MnAChRTi^^'=f=;^ h;65. ^Mf^^^MSr^it-fki-S r 
i:l-i^5f^ffl-rSCi:^^I^L.-CV^5 (Bertrand (1992) , MSr) o 

t h a7V274T nAChR^C*3^^-C^4. DH/3E (lOjuM) tSfc, r M^F^Ir) t 

mmJt^^^fSmtLti (ll5^#fiS$ttytV>) , U/i^L^i;!)^^. IO/jM DHbE^iJAC 
h!t-^m6%^(D±t ^<Ojt-^i:Mf^Lfz^mf£~V Y- V o7V251T nAChR (Bertr 
and?>(1993)) i:(4Mf<Ci5. Zitib<Dlt^it'b:^ < ^ lO/iM AChiC^f-fSfS^i^a. 

8%~6.9%<75^ll-cfoofc (^1) „ g^-\':/;^^/i'Kp<'i':/M2[^«2oroM'i5gi5 

-fS (Proc. Natl. Acad. Sci (U.S.A.) 90:6971-6975) „ 
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A (lOnM) joJ;0!^S^6tl 



nAChRTV^^^-;^ h-C$)5p(*5 7$y (IOmM) S*t<^f^ffl (1"'^^:' 

AChlc*)~r6i::*:rtfpl#«jSlf&#©0.9%~l2.4%©®ll<^)^ili<7)/h^?/i^ w< 

MEC, IOmM) , pf^^/W!;*^:::^^:/ (MU, lOnM) , t Kn - ^ -:n y yt, n v> 

:^ (DH^E, io,iM) (OT=f=;^ i^n-r^iz^m^it^^ 



b h a7V274T^^^M^fej:I/a 7 g^^nAChRClfe'lt g> J U >-f^§j)ttT V =J' 



tiAChR 


{ n H) 


lOyuM ACh 


Pfi^i ^ (% ) « 


1 u H ACh 


10^ M ACh 


a 7V274T 


DH;3E (10) 


4±1 (4)* 


69±5 (4)^ 


52±6 (4)' 




d-TC (1) 


-2±1 (4) 


99±1 (4)^ 


97±3 (3)' 




MLA (0.01) 


-4±2 (7)' 


1 rtO 1 / a \ ^ 

IDjdL 1 (4; 


95±3 (7) ' 




MEC (10) 


-I. 9±0. 2 (4)^ 


» AT -t- 1 / /I \ t 


53±2 (4; 




ATROP (2) 


0.1 ±0.1 (4) 


28 ±7 (5; 


13±5 (6) ' 






lUmM ACh t-w 

M-rsS'j-^(%) 


200 M M ACh 

*f-i-2)fd^(W 


lOmM ACh I;: 
*t-t?.flJ-a-(%) 


a 7WT 


DH^E (10) 


-0.2±0. 1 (5) 


41±10 (4)* 


23±2 (4)* 




d-TC (1) 


-0. 1 ±0. 1 (5) 


28±2 (4)' 


25±3 (4)* 




MLA (0.01) 


-0.2 ±0.4 (3) 


100 + 0.5 (4) 


99±0.4 (4)^ 




MEC (10) 


-0.3 ±0.2 (3) 


82±1 (3)^ 


85±3 (3)' 




ATROP (2) 


0.2+0.5 (3) 


4±3 (3) 


12±3 (3)' 



Pt&l& : DH^E (i^t Kn-^-:n!J;^.n^-:^i^) ; d-TC (d-y /J<^ 7 U » ; MLA ( 
:^=}-)V^)-)}-=i=.=i-v) ;MEC (p<*575y) ; ATROP (7 h n hV) „ 

* p<;0.05 (0{;:Sff-t-S*jro) {T.^^-'fWnnUx^-m 

t p<;0.005 (od^i-rsfcro) (^9"^— hCi^fflllt^^) 

t lO/xMlCfcSffittfbtrotfclSS 

§ AChlC>is)-r5)ES#K>Pl§^ (%) 



(ACh(cJl5j-f5g;:*cF*9fp)^S?Slf£;^§:©3~5%) ^SjgUfc( 
4<@^i2f@cDt ^a7V274TP#*BSSic:*3^^T)o B^^lPjgrBjjftJS^g^tt, #Jh (M^ 

) 4^ffi<^^S{b * fc (1 g ^ a nAChR©^ ^-y^(~)vm§\\z.^^h%n■^h^^^^m. 

'i&.-h^h^o l^«<^*#T(^t ha7WT nAChRl::*3V^rtt, DH/3E (lO^M) , MLA ( 
IOmM) , :^iJ%y^y (10/iM) *d JzW-^y 5jf ^' 7 y ^ (IpM) ©^^•f^^t., W 
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t y aV274T nAChRiCfeCt^T hafel^M-f ^nAChRT KOffffi 
hRAChlv:>!t-rSf£;^<DT Vi? h t LTlfffi Lfc, ■?:i^■?i^0nAChR(;lO^^r 



/i^HiS:<Dh(D (a7V274T-CiJ10//M. j;U:a7WTf (ilOmM) T?$)ofc„ glidx 
-^'^^-f, DH/3E (10/iM) , d-y;}?^'7y> (1/iM) . MLA (lOnM) *5j;Uty 

(10/iM) li. iil:^(;3nACHRicioV^TT>-^'^=;^ hi: urfpfflLfc. 
I'-JBi'iot), a7m^i^ry^=f=.:^h-vh^VLM-imcmt}-^h*). tha7V2 

74Tio<tt/t ha7WT>S:10nM(DjgS-C»L.fc„ »*^3iV^::: t (C, ( 
lOnK) . DH^E (10/iM) *5i;tJ!d-:y;K^'7y >(lpM)(4^:^^^•^^, fcha7WTi; 
•9t)t ha7V274TSrPfl*Lfc<t5-C*)Sc ThntV (2/iM) (i. l^M AChlCJt 
■fSt h a7V274TCOf£;;^^28%PI^Lfc*5. 200/iM AChCl^f-tS t ^a7WT<^^£; 

/L'jg^(DAChiCj;t3?Stt{b$ix5rt^Etti>.;^* y ^S^i^ilr^-rS (Kusanob (19 
82) J. Physiol. (London) 328: 143-170;Davidsonib (1991) FEBS Lett. 284:252 
-256;*3i;m)ascaie) (1980) Life Sci. 27: 1423-1428) „ Lt^Lfit^h. 
. t ha7V274Tic:*f-t-5r hnfVCDf^ffi^lftig-rS^ltfC/ifj'iV^.tp-CfeS 
o 'i'lf^iibs nAChRry^'::!'^;^ h-CfcSp<;*§7? (10/iM) tt. Thnfy 
\Ci:tO PIS ^ nfch- a 7V274T9PS*fflJ!a® 5 fi 3 <@ V ^ 



-C, 1/iM ACh(C?fJ-r5lS^Sr^^{CiiWLfc*^ib-C355 (^f902<®(4, p< * S 
DH/3E (10/iM) 14, iixmECsof^Chlt^^^mm-r^XOm<. tha7V274T*3 

iVt ^a7WTl::^oV^TS;*cAChJ^;^i:S:PlSUfc (^i ^#M^=nfcv^) „ 

(10/iM) (4, t h a7V274T nAChRdiaV^rft, ECsoAChjS;g:j; 19 
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<ft±AChJj;^S:ia*LfcdS. t ho7WT nAChRi;l*3^^T(i, ^:5-C(4?'i<, i-io 
llv>pi!»f±, JSE-g-6<]'iTV^=i'-;^ h-r=r-;^ h^SSftfflS:^ Lrv^S^ffitt 

n.. HiK^I? h y a7V251T nAChRi:li®LTV^So L;4^L/i*5b. 
m-i. DH0E (IOmM) /iS, -7 MJ a7V251T(C*5(t566%OT=r-;^ 

fc, d-y^^9 y =!7 hU a7L247T nAChR(C*DCtS^^i'.fJi;^§:ilt'<T, 

h- a 7V274T(C 1/ ^ r 1*3 fnl # Sit ^ffitt'fb L ^£ >6>o fcS t;i t3 1 > r iiS o ri/ > 5 



(Galzie>(1992), fiil^ ; Bertrandb (1993) , Bfl^) „ Ufc^SoT, a 7nAChRffi 

= !7 hy a7V274T(Cg3i-5^^9Jlt^?lr%it-t-5i:. ^®^ajt(i^5®^-Cfe5, 

b h a7V274TSjiSfe 
lOiiM AChd^ff^ t h a7V274T^SnAChRrof£;^»maE*)-mjEWga«S^(a, Brig 
gsPj (1995) Neuropharmacol. 34:583-5902(rtBtg<Dl;iffi®E@;£T, ^PSiMfla 
IC*5^^-CSlJ^Lfco UtT©2o<0*^t=T-CfT'iofc : (a) Ca^'tiSffttC 

rS;Morii>:ffitt^k^i*tf5fcfe{;iBa2*^-&^i-5Bfe^Barth^?g (90mMNaCl, 1 
nM KCl, 0. 66111M NaCOg, lOmM BaClz, 2. SmMtVUf V^^M- y !?i>.*3 .tOtlOniM Na 
-HEPES, PH7.55) (Briggs ib (1995) , tfr^iCfEK) 4 1®©^®^]!^, *5j;t/ 
(b) GalziPj (1992) Nature 359 : 500-505(C*3V^T^?)©=■r7 h y a^^^W 
W%-e^ffl$lxrv^.5tj<7)^ii^-r5fcJ?)(rSS3L.fcOR2!§?S (82. SmM NaCl, 2. 
5mM KCl, 2. SmMCaCla, ImM MgCla, 0. 5iiMr hn tVfc J;t^5iiiM Na-HEPES/-< j/ 7 
pH7.4) 4'60 3f@<D5P®*BJ!a„ i:**jf>C0*ft=T(-*3V>r'b. AcO^fBJiamffi 
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h a 7lf^SnAChR (Briggsib (1995), BdS) i 17 h U a 7 I^^MnAChR ( 
Galziib{1992), MS) ltl^lp)tSffittS:^-r/45, -17 h y a7V251T^Sft:|l, 
i 5 ^£mm^^^^ ^ tifJ^^ tz. (Galzi h (1992) , SflS)„ 

S23?lJ^^^by^7^^-~»- (geneticin) iKtt©^^''£*fflJ!a^ Wjl#^i7>fc*(75^ 
^■7-f'v'>'ilttjt{K^Sr-^;t-r5K^ttl«m'<^'^-pRc/CMV (Invitrogen, San 
Diego, CA) SrffiV^T. fc Vaim^W (WT) *3 iU^a 7V274T??^^MnAChR$r 
t>JteiSW«^HEK-293(^lCh7y;^7^^ hbfco KcDNAfi, Gopalakrishna 
nib (1995) Eur. J. Pharmacal. (Mol. Pharm. ) 290:237-246iCE«© U ^7^; 

(GIBCO) ^m^X hyy:^7x.^ ht^. rcDT7'^-^$:ffl^^X, 
t ha7WT nAChRiSr^m-f S^S?i«^;i5f^ia$n-C*Di9. itld. 



iSJ:iKa^^mAlt^^^-t (Gopalakrishnanb(1995), SfiS ; DelbonoP> (1996 
) J. Pharmacol. Exp. Ther. (TOJ^t^)) » 13 7 (;::^-r^J]^7'- ^ 14, 

t h a 7V274T^^«s:|4, ^ => ^VttT >^ =i';:^;^ <t •) Pl^^H'S P< :*=X 
i>.^:frLT*fflfla^^tt(i/iSi:#x:e>tv5~>-3:u;^:x;^ (C. elegans) deg-3 
(u662) (D'^^^mmmm^n-t^nm&i:^n-r^ (Treinin*5<ttK;halfie ( 
1995) Amutated acetylcholine receptor subunit causes neuronal degenerati 
on in C. elegans. Neuron 14:871-877) „ k h o 7V251T^MnAChR<Df£:^|4, If 
^mnit^^X'OWU^-^h^i'^ (1114) , =y h y a7V251T^MnAChRil^«(::, 

*5^t><if^^ca^*Sii^4^*L•cv^T. m^mi^<Dmmti\ h^^WT-ca. 

jiW/<CCa2*jiA&?l#er L, Lfzi)^oXmS&^im<o a7V274TSr3 
0 P^£j(±^^LTV^2.PeWlS, t h a 7 ffiMnAChR5:^m-rSIPS)ffl«S<t 
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^m^J'^'z-^^K m^ii. t ha7V274mM<*:) wlffllS^Stt^bmSr^^L 9 5 

ffiffli-2)^^'<^:?— ©loiiLacSwitchS (Stratagene) X'h<0. CtLli. 
iteT-^m^ftiJffll-f l>-;^:t-<n>-(7)g^^fflV^5„ LacSwitch^^ 

SX^ttUcy 7"U-;/f— (p3'SS) *3j;0t*Sttlac-:^'<U'-^'- 
^^-<^^- (pOPRSVI-CAT) ^IBV^5. SiiiifeRiS^^ft. p3' SSF^gO^N-l" 
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h§:^^^-fr5„ IPTGca^^liTT'tt. pOPRSVT-CAT^^ 
- -iC^tS Lac Vfl-yi—i^ yy< ^ RcO^^lC i !9 ^^^spflit $ HSo IPT 



t ham74m^m^^mm^w\i^mif\-r^f>^^f>^^n^-r^tiMc{i^ hek- 

293)fflJ!art•CroKcDNA^D-Jgtt^m<0^^ «SJ;t[i, (i) MJ/nV:/ 

/u- (4%) -CifB^^5:»-ra?fefeL. :i#^5WBa!as^fe*Srg^^1--5t6;^SrfFtf-r 
Sri:{cj;t9, (ii) mm^imm^ntzm^Kmmy h-:^y't h'^ ^-T- 
(LDH) ou-i/wS:, fflsa^^coit^t L.TSiJ^-r5:iticJ;t9 (^J^«, Don 
nelly-Roberts 55 (1996) Brain Res. 719:36-44) . (iii) ^^ttWjt^i LT 
ro. S/clix h^j/U '?i>.MTTwm^*3<};t;t^gilcJ; 

0 (^J;t(i, Littleib (1996) Br. J. Dermatol, 134:199-207;DSouzaP> (1996) 
J. Neurosci. Res. 43:289-298;Malcolnie> (1996) J. Neurochem. 66:2350-2360 
) , (iv) ;K^--W3 [^■fbT'n t°i?!>A(D©3^;ZfioJ;U?S-a-(^Jx.li, Wrobel fj 
(1996) J. 

Immunol. Methods 189:243-249). *fc(illfl^K]^C0^^tt4/c(l«{iJ!af^C;Mf^ie 
roffi^dSsf LTi^SttSr^i-fficog^Sl:; J; *) . *HSa^WttSri¥ffii-5 r t :is-e^ 

ilAnS^JTiS^fffefflV^Sr t/iS-BJtg-efcS (^Jx.(^. AlisonjQjzt/Sarraf (1995) 
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Hum. Exp. Toxicol. 14: 234-247 iDidierfe (1996) J.Neurosci. 16:2238-2250) 
^ a 7^Mfr^*#ttS-r5ft:«>i-iS»C¥PCR ( Trt-PCRJ ) ^m^^^^tiP' 



^r^'l'-^!'— i:*ici00ngroKDNASrffiffl-rSCi:/JiWffi-Cfo5 5<, a 7^Sfli^<0 

wte«--r5-cfo5 5o y274Teg^/ilS^csea?lMMJi■fe^^p(>'^2s^■&t^'S^^•^)-!^ 

9"K5:^tii-r5*fe(4> (a) k f-^Ma Tf-^n.^.;/ hW^^JKy ^C^- 
KSr^'S< loot h^Ma 7f-p^^=^y h'l#MS<3'Ky>?^ ^:rf■K7°^- 
:/*ybl4^©^Btt^^:i:^tt$■ti:. (b) K^R•t^V7°/^t^I©;^6<];Ky5^^' 

Tf-y'a.^S/ lxmRNA(DcDNA&:^ffl-r-5fcfeOt,p lO©:i^)Si4. (a) jgC^^ 
tT''<CoXcDNA^#. (b) Xm (a) -C#fccDNASrii*i (c) m.m-*)-'^-^/^'^ 



■y-:/7'y ^iTLfcDNA. *fc(4RT-PCR(Cj;i9RNA/!i^p5iS$aLfccDNA?r. 5< ^ 



2 *fc(4^:(0-S|5cor $ y S?E?iJSr-&tJo 



/ 6<ja 7r>'^=f::i;^ SitJi (ii) >'^<^ W<D^^^m±i-i>fzl^ 

(D7y'^-ty:^:t]) =ly^^ l^:t^Vmmm:^ii. AlbertS3<tOtMorris(1994), A 
ntisense knockouts: molecular scalpels for the dissection of signal 
transduction. Trends in Pharmacological Sciences l5:25Q-254^^M^iXtc 
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v^). -itza (iii) ^mm^£if(Dmm^mi- 



nm t LX<D^m. mx.\t. r yg^-t yy^:^v=f^^ u;*-^ ks' -ggctacacctcat 
GGcacG (ga?ij#-^9) Srttffi-rsr td^-eta, L-fc;45or, :l©3^y rfj?^' u 

y K(Dte^*3 J;U!M^4rJS(f 5 J; 5 DNA^ y ^' u:^^ Y^k^ 



thi-So ^Ty^-fey;^RNA3fy =f>(^ U-:tg=-K{4. -f Vt'/KT'mRNAlC/N'f :/y 
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f£;t" 5a7-fe^^;^Sb-J;Of5;^-fe:/;^;r!J =i'5?^' W3f-^K Litl^tl. 5' -CGAGCCCA 
TGAGGTGTAGCC (Ba?!)#-i-10) JoiU^S' - CCAGGCATTCGGAGCTTGCC (E?IJ#^11) ] 
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( 2 ) mm^^ 1 <D\nn ■■ 
{ i ) si^ii <D <^ m : 

(A) S $ : 1591 

( c ) m<D!^ : -^m 

(ii) iE ?IJ ffi ^ : Genomic DNA 
( xi) E ?IJ : ffi ?i! # I : 

CTCGAGCCC ATG AGG TGT AGC CCC GGA GGA GTG TGG CTG GCA CTG GCA 48 

GCA TCT CTC CTG CAC GTG TCC CTG CAA GGC GAG TTC CAG AGG AAG CTT 96 

TAC AAG GAG CTG GTC AAG AAC TAC AAT CCC TTG GAG AGG CCC GTG GCC 144 

AAT GAC TCG CAA CCA CTC ACC GTC TAC TTC TCC CTG AGC CTC CTG CAG 192 

ATC ATG GAC GTG GAT GAG AAG AAC CAA GTT TTA ACC ACC AAC ATT TGQ 24 0 

CTG CAA ATG TCT TGG ACA GAT CAC TAT TTA CAG TGG AAT GTG TCA GAA 288 

TAT CCA GGG GTG AAG ACT GTT CGT TTC CCA GAT GGC CAG ATT TGG AAA 3 36 

CCA GAC ATT CTT CTC TAT AAC AGT OCT GAT GAG CGC TTT GAC GCC ACA 384 

TTC CAC ACT AAC GTG TTG GTG AAT TCT TCT GGG CAT TGC CAG TAC CTG 4 32 

CCT CCA GGC ATA TTC AAG AGT TCC TGC TAC ATC GAT GTA CGC TGG TTT 4 80 

CCC TTT GAT GTG CAG CAC TGC AAA CTG AAG TTT GGG TCC TGG TCT TAC 528 

GGA GGC TGG TCC TTG GAT CTG CAG ATG CAG GAG GCA GAT ATC AGT GGC 576 

TAT ATC CCC AAT GGA GAA TGG GAC CTA GTG GGA ATC CCC GGC AAG AGG 524 

AGT GAA AGG TTC TAT GAG TGC TGC AAA GAG CCC TAC CCC GAT GTC ACC 672 

TTC ACA GTG ACC ATG CGC CGC AGG ACA CTC TAC TAT GGC CTC AAC CTG 720 

CTG ATC CCC TGT GTG CTC ATC TCC GCC CTC GCC CTG CTG GTG TTC CTG 768 

CTT CCT GCA GAT TCC GGG GAG AAG ATT TCC CTG GGG ATA ACA GTC TTA 816 

CTC TCT CTT ACC ACC TTC ATG CTG CTC GTG GCT GAG ATC ATG CCC GCA 864 

ACA TCC GAT TCG GTA CCA TTG ATA GCC CAG TAG TTC GCC AGC ACC ATG 912 

ATC ATC GTG GGC CTC TCG GTG GTG GTG ACG GTG ATC GTG CTG CAG TAC 960 

CAC CAC CAC GAC CCC GAC GGC GGC AAG ATG CCC AAG TGG ACC AGA GTC 1008 

ATC CTT CTG AAC TGG TGC GCG TGG TTC CTG CGA ATG AAG AGG CCC GGG 1056 

GAG GAC AAG GTG CGC CCG GCC TGC CAG CAC AAG CAG CGG CGC TGC AGC 1104 

CTG GCC AGT GTG GAG ATG AGC GCC GTG GCG CCG CCG CCC GCC AGC AAC 1152 

GGG AAC CTG CTG TAC ATC GGC TTC CGC GGC CTG GAC GGC GTG CAC TGT 12 00 

GTC CCG ACC CCC GAC TCT GGG GTA GTG TGT GGC CGC ATG GCC TGC TCC 1248 

CCC ACG CAC GAT GAG CAC CTC CTG CAC GGC GGG CAA CCC CCC GAG GGG 12 96 

GAC CCG GAC TTG GCC AAG ATC CTG GAG GAG GTC CGC TAC ATT GCC AAC 1344 

CGC TTC CGC TGC CAG GAC GAA AGC GAG GCG GTC TGC AGC GAG TOG AAG 1392 

TTC GCC GCC TGT GTG GTG GAC CGC CTG TGC CTC ATG GCC TTC TCG GTC 1440 

TTC ACC ATC ATC TGC ACC ATC GGC ATC CTG ATG TCG GCT CCC AAC TTC 1488 

GTG GAG GCC GTG TCC AAA GAC TTT GCG TAACCACGCC TGGTTCTGTA 153S 

CATGTGGAAA ACTCACAGAT GGGCAAGCGC TTTGGCTTGG CGAGATTCGG CCGGAA 1591 
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( 2 ) sa ?ij # # 2 o ft ^ 



( i ) SB ?IJ CD If : 

( A ) & ^ : 502 T =: y elf 

( B ) : 7 i y m 

(D) h^Hi^-rit^^^ 

( i i ) ga ?IJ CO m S : ^ W 
( X i ) E ?lj : Sa ^ij # 2 : 

Met Arg Cys Ser Pro Gly Gly Val Trp 
Leu His Val Ser Leu Gin Gly Glu Phe 
Leu Val Lys Asn Tyr Asn Pro Leu Glu 
Gin Pro Leu Thr Val Tyr Phe Ser Leu 
Val Asp Glu Lys Asn Gin Val Leu Thr 
Ser Trp Thr Asp His Tyr Leu Gin Trp 
Val Lys Thr Val Arg Phe Pro Asp Gly 
Leu Leu Tyr Asn Ser Ala Asp Glu Arg 
Asn Val Leu Val Asn Ser Ser Gly His 
He Phe Lys Ser Ser Cys Tyr He Asp 
Val Gin His Cys Lys Leu Lys Phe Gly 
Ser Leu Asp Leu Gin Met Gin Glu Ala 
Asn Gly Glu Trp Asp Leu Val Gly He 
Phe Tyr Glu Cys Cys Lys Glu Pro Tyr 
Thr Met Arg Arg Arg Thr Leu Tyr Tyr 
Cys Val Leu He Ser Ala Leu Ala Leu 
Asp Ser Gly Glu Lys He Ser Leu Gly 
Thr Thr Phe Met Leu Leu Val Ala Glu 
Ser Val Pro Leu He Ala Gin Tyr Phe 
Gly Leu Ser Val Val Val Thr Val He 
Asp Pro Asp Gly Gly Lys Met Pro Lys 
Asn Trp Cys Ala Trp Phe Leu Arg Met 
Val Arg Pro Ala Cys Gin His Lys Gin 
Val Glu Met Ser Ala Val Ala Pro Pro 
Leu Tyr He Gly Phe Arg Gly Leu Asp 
Pro Asp Ser Gly Val Val Cys Gly Arg 
Asp Glu His Leu Leu His Gly Gly Gin 
Leu Ala Lys He Leu Glu Glu Val Arg 
Cys Gin Asp Glu Ser Glu Ala Val Cye 
Cye Val Val Asp Arg Leu Cys Leu Met 
He Cys Thr He Gly He Leu Met Ser 
Val Ser Lys Asp Phe Ala 



Leu 


Ala 


Leu Ala 


Ala 


Ser 


Leu 


16 


Gin 


Arg 


Lys Leu 


Tyr 


Lys 


Glu 


32 


Arg 


Pro 


Val Ala 


Asn Asp 


Ser 


48 


Ser 


Leu 


Leu Gin 


He 


Met 'Asp 


64 


Thr 


Asn 


He Trp 


Leu 


Gin 


Met 


80 


Asn 


Val 


Ser Glu 


Tyr 


Pro 


Gly 


96 


Gin 


He 


Trp Lys 


Pro 


Asp 


He 


112 


Phe Asp Ala Thr 


Phe 


His 


Thr 


128 


Cys 


Gin 


Tyr Leu 


Pro 


Pro 


Gly 


144 


Val 


Arg 


Trp Phe 


Pro 


Phe 


Asp 


160 


Ser 


Trp 


Ser Tyr 


Gly 


Gly 


Trp 


176 


Asp 


He 


Ser Gly Tyr 


He 


Pro 


192 


Pro 


Gly Lys Arg Ser 


Glu 


Arg 


208 


Pro 


Asp 


Val Thr 


Phe 


Thr 


Val 


224 


Gly Leu Asn Leu Leu 


He 


Pro 


240 


Leu 


Val 


Phe Leu 


Leu 


Pro 


Ala 


256 


He 


Thr 


Val Leu 


Leu 


Ser 


Leu 


272 


He 


Met 


Pro Ala 


Thr 


Ser 


Asp 


288 


Ala 


Ser 


Thr Met 


He 


He 


Val 


304 


Val 


Leu 


Gin Tyr 


His 


His 


His 


320 


Trp 


Thr 


Arg Val 


He 


Leu 


Leu 


336 


Lye 


Arg 


Pro Gly 


Glu 


Asp 


Lys 


352 


Arg 


Arg 


Cys Ser 


Leu 


Ala 


Ser 


368 


Pro 


Ala 


Ser Asn 


Gly Asn 


Leu 


384 


Gly 


Val 


His Cys 


Val 


Pro 


Thr 


400 


Met 


Ala 


Cys Ser 


Pro 


Thr 


His 


416 


Pro 


Pro 


Glu Gly Asp 


Pro 


Asp 


432 


Tyr 


He 


Ala Asn 


Arg 


Phe 


Arg 


448 


Ser 


Glu 
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( 2 ) S£ ?|J S ^ 3 CO ft # : 
( i ) i2?iJ©!Hfm : 

(A) : 25 T I / m 

( B) m : 7 ^ y m 

(D) h^nc/- : 8:^4^ 

( i i ) ia ?|J ffi ^ : ^ > y-; K 
( X i ) E : K ?|J S 3 : 

Met Arg Cys Ser Pro Gly Gly Val Trp Leu Ala Leu Ala Ala Ser Leu 
Leu His Val Ser Leu Gin Gly Glu Phe 



( 2 ) E # ^ 4 <0 -ft $fi : 

( i ) aa ?ij CO i^F m : 

( A ) ft § : 118 m.&>(i 
(B ) m : mm 

(. c ) m(D ^ : ~ 

( X i) ga ^ij : la 50 # 4 : 

GGGGGCAGCA CTCGAGCCCA TGAGGTGTAG CCCCGGAGGA GTGTGGCTGG CACTGGCAGC SO 
ATCTCTCCTG CACGTGTCCC TGCAAGGCGA GTTCCAGAGG AAGCTTTACA AGGAGGGG 118 
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( 2 ) IE ^IJ # 5 CD tf «i : 
( i ) la 51J O If fIC : 

( A ) jS: $ : 20 i^a^ 

(B) m : mm 

( C ) O ; - 2^ ^ 

( X i ) sa ?ij : sa ?lj # ^ 5 : 

GTTTGGGTCC TGGTCTTACG 2 0 

( 2 ) ^ 6 (D ^ n : 

( i ) §a ?tj O It IS : 

(A) fi $ : 23 M&M 

(B ) m : mm 

( C ) m <^ ^ : - * ^ 

( X i ) ga : ga ?IJ § 6 : 
GCAGCATGAA GGTGGTAAGA GAG 

23 

( 2 ). la ?IJ # ^ 7 (7) t« # : 
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( i ) ffi ?IJ (7) IS : 

( A ) S $ : 23 IS IS ^ 
(B) m : mm 
( C ) m<D^ : ~:^m 
(D) hJ}fD-:;-:iSi^^^ 
( X i ) 62 ?IJ : E 3?IJ # 7 : 

CTCTCTTACC ACCTTCATGC TGC 

( 2 ) ffi ?IJ # ■§■ 8 © tf # : 
( i ) IE (D It m : 
( A ) ^ ^ : 20 
( B ) ^ : ;KSf 
( C ) m(D^ : 
(D) h^DiJ-ram^t^ 
( 31 i ) ifl ?IJ : IH ?IJ # ^ 8 : 

GTACTGCAGC ACGATCACCG 

( 2 ) 12 ?IJ # 9 (7) if il : 
( i ) ffi?iJ(^#jgC : 



(A) g ^ : 20 & 

( B ) m -.mm 

( C ) m(o^ : - m 

( D ) h ^ n - : jl: ^ 
( X i ) iE 5IJ : E J?IJ :g f- 9 : 

GGCTACACCT CATGGGCTCG . 

( 2 ) ia ?IJ # ^ 1 0 CO ft ^ : 
( i ) E ?IJ # m : 

( A ) ft ^ : 20 ife^ St 
( B ) S : ^ ^ 

( c ) m<Dm : - :^m 

(D) h:J?nt?>-:il:^:t^ 
( X i ) ffi ?ij : ia Ji) # 1 0 : 
CGAGCCCATG AGGTGTAGCC 



( 2 ) ia yij # 1 1 W if # : 
( i ) ia ^^1] CD !t$ fSr ; 

( A ) g $ : 20 J^S^ 



iB) m : mm 

( X i ) ga ?lj : BE ^IJ § 11 : 
CCAGGCATTC GGAGCTTGCC 

20 
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FIGURE 7 
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